1 from a slate quarry in Scotland? Or displaying morphology that does not resemble any other animal, such as many of the fossils found in Canada's Burgess Shale? Nothing is more exciting in evolutionary zoology than to work out the taxonomic position of such 'monsters' , because it has the potential to change the definition of animal phyla, or even an entire evolutionary scenario. The Tullimonstrum fossils of Illinois fall into this category: long known to palaeontologists 2 , their identity has remained totally enigmatic. In two papers in this issue, McCoy et al. 3 (page 496) and Clements et al. 4 (page 500) now identify the 'Tully monster' as a vertebrate. Different body plans define different animal phyla, and so the first step to identifying an animal is to identify its organ systems and their relative topographical relationships. However, for many fossils, not all organs are present, or their positions have been disturbed by postmortem deformation. This is not the case for the Tully monster -a small animal, about 10 centimetres long 2 , from the Carboniferous period (around 359 million to 299 million years ago). Despite thousands of fossils having been found in the one locality of Mazon Creek, Illinois, previous anatomical interpretations 1,5 have been hampered by a lack of overt hard tissues (such as an exoskeleton) and the presence of some tremendously peculiar structures (Fig. 1) .
A crucial advance made by McCoy and colleagues was the discovery of a notochord in Tullimonstrum. This flexible rod-like structure is the defining feature of all animals of the chordate group, which includes vertebrates. In Tullimonstrum fossils, the structure was previously interpreted as the gut 5 , but the animal has a true gut that looks similar to that in fossilized hagfish. On the basis of the reinterpretation of this structure as a notochord, McCoy et al. could also identify myomeres (segmented muscle blocks), a dorsal nerve cord, arcualia (paired cartilaginous nodules), a specialized head part, a tripartite brain-like structure and a tail fin consisting of dorsal and ventral lobes. This set of basic features was found to be topographically arranged in a manner consistent with the vertebrate body plan.
But what about the Tully monster's main peculiarity -a stiff transverse bar with spherical structures at each end, previously interpreted 2 as eyes and stalk? This odd organ complex is unprecedented in vertebrates. Through a microscopic structural analysis and molecular analysis of compounds in the distal tip of the bar, Clements and colleagues conclude that the spherical organ could only be a vertebrate eye. In sum, the Tully monster possesses almost all the basic elements (in phylogenetic terms, the plesiomorphies) of a vertebrate.
If this is the case, which vertebrate taxon does this animal belong to? To answer that question, one has to identify certain derived features that are shared by only a specific group of vertebrates, such as the fur and three ear ossicles that are used to define the Mammalia. However, structures that are so derived and peculiar that they appear only in one group, such as the Tullimonstrum eye stalk, will not tell us about phylogenetic relationships. The Tully monster's proboscis, which is reminiscent of a similar structure in the Opabinia fossils of around 525 million to 505 million years ago (during the Cambrian period), is another odd trait. In fact, it is these peculiarities that have kept this animal a monster for a long time.
On the tip of the proboscis is an oral apparatus that consisted of dorsal and ventral halves with horny teeth, which seem to have moved dorsoventrally. This structure looks similar to the jaw in tetrapods and most fishes. But the dorsoventral division does not necessarily indicate the presence of a jaw, because many agnathans (fossil and living jawless fishes), including the ammocoete larva of extant lampreys, have oral apparatuses with dorsal and ventral sections that can move against each other 6 . According to McCoy et al., the shaft of the proboscis was not an elastic tube but had an internal skeleton with joints 3 , resembling the lingual (tongue-like) apparatus of a cyclostome. The cyclostomes are the vertebrate lineage comprising the extant jawless fisheslampreys and hagfishes. Other vertebrates are classed as gnathostomes (Fig. 1) .
If the oral apparatus were really a jaw, it would be expected to resemble that of elasmobranchs (sharks, rays and skates) and sturgeons, whose upper jaw element (the palato quadrate) is completely detached from the dorsal part of the skull. Yet, such an anatomical plan is inconsistent with the single nostril of the Tully monster, which has been presumed to be a mouth 2 . Indeed, the presence of this single nostril excludes the monster from the extant gnathostome lineage. Furthermore, no paired fins have been identified in Tullimonstrum, which potentially places the animal even more basally on the animal tree than most of the gnathostomes.
McCoy et al. tentatively identify the animal as belonging to ancestral lampreys (Fig. 1) . But 3 and Clements et al. 4 demonstrate that the Tullimonstrum fossils, which date to around 300 million years ago, were vertebrates. The vertebrates consist of two lineages, the cyclostomes and the gnathostomes, and McCoy et al. raise the possibility that Tullimonstrum evolved from the cyclostome lineage, in particular the lampreys. However, the unique features of the animal, including its proboscis, jaw-like oral apparatus and eye bars are still mysterious in vertebrate evolution.
C A R L O S A . B E R T U L A N I & V L A D I M I R Z E L E V I N S K Y
A tomic nuclei are composed of protons and neutrons, generically known as nucleons. These are not genuine elementary particles because they contain quarks and gluons, which interact with each other through the strong force (one of the four fundamental forces of nature). The strong inter action has subtle properties, with the most unsettling one being that quarks and gluons are never free, only confined within nucleons. Theorists continue to struggle to find exact solutions for various states of the highly complex quark-gluon systems, and to explain the nucleon-nucleon force that extends beyond the confinement region. One long-sought state is the four-neutron system known as the tetraneutron, which has no electric charge. Writing in Physical Review Letters, Kisamori et al.
1 present evidence for the existence of such a state.
In the authors' experiment, strongly bound α-particles (composed of two protons and two neutrons, and therefore identical to helium-4 nuclei) in liquid helium-4 ( 4 He) are used as a target for an incident beam of helium-8 ( 8 He, the 'projectile nucleus'). 8 He has two protons and six neutrons, and is produced in nuclearfragmentation reactions in which oxygen-18 hits a beryllium target. The reaction between 8 He and 4 He is an appropriate choice for generating tetraneutrons, because the four 'extra' neutrons in 8 He are weakly bound and can be easily transformed in the interaction with 4 He. The authors observed that the 8 He projectile exchanges two units of charge with the 4 He target and becomes a beryllium-8 nucleus ( 8 Be, four protons and four neutrons), the energy of which was measured with high precision. Because of charge conservation, the two protons in the target 4 He nucleus are substituted by neutrons, momentarily generating a fourneutron system in a quasi-bound state. This lasts only a few multiples of 10 −22 seconds, after which it disassembles into free neutrons. This short-lived state appears as a bump in the energy spectrum of the 8 Be nucleus that emerges from the reaction.
Nuclear forces are essentially identical between all nucleons, whether they are protons or neutrons. So it might seem strange that the tetraneutron is not bound but that the α-particle of two protons and two neutrons is strongly bound, despite the additional electrical repulsion between protons. The explanation is based on the Pauli exclusion principle, which forbids two identical nucleons from occupying the same quantum state. In the α-particle, all four particles can be in the same state because the two protons have opposite spins, as does the pair of neutrons, so that all four nucleons are different. But for four neutrons, only one pair can be in the lowest-energy state, forcing the second pair into a state of higher energy, thus making the tetraneutron unstable.
By applying the principle of energy conservation to the studied nuclear reaction, Kisamori and colleagues infer that the tetraneutron system has an internal excitation energy of about 0.8 million electronvolts (MeV); the excitation energy is the difference between the tetraneutron mass and the mass of four free neutrons. If this quantity were less than zero, the system would be bound. For the observed tetraneutron it is positive, making it an unbound system that exists for a short time before it decays into free neutrons. The statistical error (± 0.65 MeV) and systematic error (± 1.25 MeV) in the experiment are large, but the case for the existence of the tetraneutron is compelling. The width of the bump in the 8 Be energy spectrum is about 2.6 MeV, and this energy uncertainty suggests that the state will eventually decay to another quantum state.
The hunt for the tetraneutron has been going on for more than half a century, and because developmental studies have shown that lampreys and hagfishes are more closely related to each other than was previously imagined 7 , it could also represent an animal close to the origin of cyclostomes before the lampreyhagfish divergence. That would mean that early cyclostomes exhibited a tremendous range of morphological variety. Indeed, the details of the early divergence of cyclostomes, which has been inferred to have occurred 390 million years ago or before 
NUCLEAR PHYSICS

Four neutrons together momentarily
A system of four neutrons known as the tetraneutron is a hypothetical state in nuclear physics. The report of evidence for the fleeting existence of this state has implications for research into neutron stars. , and can be either bound in a nucleus or free (although unbound neutrons decay within about 15 minutes). Dineutrons, composed of two unbound neutrons, are ten times larger and unstable. Kisamori and co-workers 1 report evidence for a tetraneutron (a system of four neutrons) that exists in a resonant state for about 10 −22 seconds before dissociating into free neutrons. b, If the existence of the tetraneutron state is confirmed, it will help to clarify nuclear interactions in few-nucleon systems, and possibly even in neutron stars.
